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INSTRUCTIONS: 


1, This examination consists of 12 pages including a data sheet. Please ensure 
your paper is complete. 

2, ' Answer all questions on the examination paper. For multiple choice questions, 

circle the correct answer on the examination paper and enter the answer on 
the blue optical scan sheet by filling in the appropriate circle with a dark 
pencil 

3. Complete the information required (name etc.) at the top of the optical scan 
sheet. 5 our Student Number is to be coded onto the upper left portion of the 
sheet reading downward. Note that the numbers in the code spots read from 
zero through nine as you read from left to right... i.e. the first spot is 0, not I, 

4. Show your work in problem eolutiona. Ensure that your answer has the 
appropriate units and number of significant figures, 

5‘ This is a dosed book examination. The marks for each question are indicated. 
Total marks are 1G0. Allowing for reading the questions and checking over, 
this is I mark per minute; apportion your time accordingly. 

Additional Information: 

Kw= l.fJxHF 1 * at25*C 


Hoots of quadratic equation (a ■ jr 1 + b ■ r + c = 0): 
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Section A: Multiple Choice Questions (3 marks encM- 

1. A single :iT Cr ion has: 

A 17 electrons 
y&J 20 neutrons 

C. both A and B 
D neither A nor B 

2, The distinguishing churacteristic of ali electrolyte solutions is that they 


A, contain molecules, 
conduct electricity. 

C. react with other solutions. 

D. always contain acids. 

E. none of them. 

3. Identify the major ions present in on aqueous solution of HNO;i. 

A, HN*. 0 2 ‘ 

B* OH'. Nor 
C OH', NO 
D, H\ N 1 *, 0 s " 

0 H\ NOY 

4. The oxidation number of N in NaNOa is 

A, +6 

+5 

C. +3 

D. -3 

E. none of them 

5. What volume of concentrated nitric acid 05.0 mol L* 1 ) is .required to make 

1.0D*10 2 mL of a 3.00 mol L~' nitric acid solution? 


A. 1.00x10 s ml | y ~ji. - mV' L 

B. 2.0U*10>mL * * " 

C. 5.00*10 2 mL 
D 15-0 mL 

E 3.00 mL 


B. Consider two colours of visible light. One fX) has a wavelength twice the other 
(Y). Thus: 


A. X has twice the frequency and twice the energy per photon of Y 
B X has twice the frequency and half the energy per photon of Y 
<0 X has half the frequency and twice the energy per photon ofY 
D. X has half the frequency and half the energy per photon of V 



7. The first ionization energy of atoms generally: 

A increases down the Periodic Table, and from left to right 
B. increases up the Periodic Table, and from left to right 
C increases down the Periodic Table, and from right to lef*. 
U increases up the Periodic Table, and from right to left 
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6 . Consider the following sets of quantum numbers for an electron m an atom. 


VVhid; are valid? 


•wr r tr t i 

Quanitun numbers '• 

\ Sef 

n 



m \ 

X 

3 

2 

1 

+ 1/2 ; 

y 

2 

2 

1 

-1/2 

2 \ 3 

0 

JL* 

2 

n 


A. X & Y 

B. X & Z 

C. Y k Z 

D. X only 
£. Y only 


9- Which of the following substances has a standard enthalpy of formation at 25 *C 
equal to zero? 


A, COsfs) 
@ Hi-OfJiq} 

C. N*lg) 

D. N-jfliq) 

E. C .MM 


10* An exothermic: reaction causes the surroundings to 


A. Jwam up. 

B. become acidic, 

C. condense. 

D. decrease in temperature, 
£. release CCA 


*i 





■ 11. Calculate the density in g/L of CO 2 gas at 27*C and 0.50 atm pressure. 


A. 0.89 g/L 

B. 1,12 g/L 

C. 9.9 g/L 

D. 4G g/L 

E. 2,2 kg/L 


12 . Two identical containers at the same temperature are filled with O 2 and H 2 . 
respectively; to give identical pressures. Which of the following statements is 
false ? 

A. The number of molecules of Hj and Os is the same. 

B. The number of moles of Hs and Oris the same. 

C. The average kinetic energy of the Hj, molecules and the O 2 molecules is the 

snniE. 

D. The average speed of the He molecules and the O; molecules ia the same. 

E. The O 2 container (with contents) weighs more then the Ha container twith 
con te nts). 


13. One reason that real gases deviate from ideality is the 

A. rapid motion of the molecules 

B. non-zero volumes of each molecule 

C. catalytic effect of the container walls 

D. presence of impurities 

E. frequent elastic collisions between molecule 

dD 
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1 4 r Helium into ms do not combine to Form H&j molecules, yet He Rtonis do 3 L tract 
one another weakly through 

A. dipole-dipole forces. 

B. ion-dipole forces. ^ 

/C^dispersion Forces. 

D. ion-ion forces. 

E. hydrogen bonding 

15, Which one of the fol towing substances should exhibit hydrogen bonding in the 
liquid state? 

A. PHa 

B. Ha 

C. HzS 

D. CH t 

(pmu 

16. Which of the following indicates the presence of relatively weak intermolecular 
forces in a liquid? 

(A) s relatively low heat of vaporization 
’T3. a relatively high critical temperature 

C. a relatively low vapor pressure 

D. a relatively high boiling point 

E. none of the above. 


17* According to the collision theory, all collisions do not lead to reaction. Which 
choice gives both reasons why all collisions between reactant molecules do not 
lead to reaction? 

i) The total energy of two colliding molecules is Jess than some minimum amount of 

energy, 

ii) Molecules cannot react with each other unless a catalyst is present. 

iii) Molecules that are improperly oriented during collision will not react, 

iv) Solids cannot react with gases. 

A. i & ii 

(pi & iii 

C. 1 £ iv 

D. it & iii 

E. iii & iv 

IS. Which of the following statements is true, given the overall reaction 

2N0 2 + Fs -» 2NOsF 

which proceeds through the following two step mechanism 
NO,* Fs -* NOsF + F 
NO 2 + F —* NOjjF 

and obeys the rate law rate = Jc«bMra4 fNO?] [Fs) 

A The reaction is third order overall, 

U Tht order ofthr reaction cannot be determined from the information pven 
C The second step is rate determining, 

, D,/is an intermediate. 

IT None of the above statements is true. 
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19, For the reaction H-(g) + b(g) = 2 H 3 Kc = 50 .2 at 4-lo n C 

if [H ; ( - j]^} = [HI] = 1.75 1 10" 1 mot L _t at 445*C. which one of :he following 
statements is true? 

A. The system is at equilibrium, no change, _ 

B. The concent ratio ns of H3 and 1? will increase as the system approaches 
. equilibrium. 

fC ; The concentration of HI will rise as the system approaches equilibrium. 

D. The concentrations of Ha and HI will fail as the system moves toward 
equilibrium. 

E. The concentrations of Ha and lj will increase as the system approaches 
equilibrium. 

20 , Which is the correct equilibrium constant expression for the following reaction? 


FeaOafs) + 3 H 2 (g) = 2Fe{s) + 3H 2 G( E ) 






[ft Hmf 

ift,«.][«,]■ 


B. K, 


E, K, 


_ [«,i 

PF 1 

FIRM 



21. The equilibrium constant for the reaction Nifs) + 4CO(g) ^ NifCOMg) is o.G* 10 
at 25 *C. What is the value of the equilibrium constant for the reaction? 


Ni(CQMg) = Nifs) + 4CO{g) 

'A? 2.0 * 10 - S 
“B. 2.5 *10^ 

C, 5,0 *10* 

B. 5.0 *10^ 

E. 2.0 * 1(H 



22 . The following reaction occurs by a single (elementary) step in both the forward 
and the reverse directions: 


Reaction: 2 A - B = equilibrium constant 


The rate constant for the forward step (2 A “+• B) is kf and that for the reverse 
process (B -* 2 A) is kr- Which of the following equations gives the relationship 
between K*; and the rate constants? 

(A^ = ktfk r 
E. Kc = krflef 
C, Kc = kfk r 


D. Kc = (kflfflkf 



E. None of the above 










£3. Which one of the following compounds is moai likely to be a covalent molecule? 

A KF 

B. CuCL 

C. SFi 

D. 'AlsOs 

E. CaSCL 


24 . Consider Lewis structures of the following covalent molecules. Which one 
requires more than one resonance structures? 

Ar COa 
'R'CJNO* 

-C. HtO 

D.CH< 

K.HjS 


25- Which one of the following molecules is nonpolar? 


- .h: i ■ 


A. NH 3 
E- OF; 

C. CHnCl 

-EJBfiCIs 


26. Which of the following salts has the 


-7 

* *-■- * 


be 



i moler solubility? 


A. SrF? 

B. Zn(OH)j 

C. PbU 
S? BaF 2 
E. PbS 


K* P 

IW 

K* P 



K* P = 


2.6 *HT 9 

1 .4 - 1<P* 

1.7 * 10'* 
3.0 * I O'* 


'P*i 


27. A buffer solution contains equal concentrations of a weak acid and its sodium 
salt. Its pH is 4.20. Which acid is being used? 


A. Formic acid T 

/'"B. Benzoic acid. 

^"C. Acetic add. 

D . none of A], B) or C) 



1.74 -1G"« 
6.3 *10'* 

1.75 *10'* 


2S. What is the pH of a 0.0048 mol L _1 solution of KOH? 


A. * 1.66 

B. 8,43 

C. 4,82 

D. 3.70 

E. 2.32 

29. Hydrofluoric acid. HF. is a weak scid for which K* = 3.5 « 3 O' 4 . The value of Ivt 
for the F" ion is: 



A 2.9 *10" 11 
^B. 3.5 "10 ^ 

C. 2.9 -10° 

D. 2.9 *i(r u 

E. 3.5 " 10 -s 





il a i 
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30* All of the ft ill owing are conjugate ucid base pairs EXCEPT 


A. HCQ ; , and COn*’ 

mid RNH* 

C/H t O end OH' 

’T5* CHaCOOH and CHaCOO 
E. HCH and CN' 


Section EL Other Questions (Marks in brackets) 


31* (12 marks) 

When 1.201 g of an organic compound containing C, H, and O whs burned 
completely in oxygen* 1.760 g of COj and 0-7206 g of HaO were produced, 

(a) How many mole of COj were produced? 


(b) How many moles of H were present in 1*201 g of the organic compound? 


(c) How- many grams of O were present in 1*201 g of the organic compound? 


(d) What is the empirical formula of the compound? 
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32 r ( B marks) 

Fill in the blanks in the fallowing table, A SAmpie rov- has Siuan filled in fur you You 
may use; orbital 'bu*' dju^rams instead if you wish. 


Name of 
clement 

i 

1 

h'umber 

of 

protons 

Ground-statc Electronic Configuration 

sulfur 

16 

[Ne] 3s J 3pj f 3P/ 3p z l 

calcium 




9 



12 


gallium 




33. (16 marks) 

pill in the following table 


Molecule or 
loo 

Number of 
Valence 
Electrons 

Lewis Structure 

Description of 
Molecular 
Shape* 

Hybridization : 
of the central 

etom 

H£N 



■ 


NOi' 

B. 




u. 

■ 

■ 

- 



4 

BCb 






* Describe the arrangement of atoms around the central atom Central atoms are 
underlined. 


J 











































them III J * iiK*k feMft,. ,«r. iv 


34 (7 marks) 

(a) Biis^tJ! utt the following phase diagram determine the normal (1 atm) freezing 
point. the normal boding point and identify the phases present at 
P = 1.5 fttm, t = -20 *C and P = U.d atm. t = 200 *C. 



The normal freezing point is 
The normal boiling point is 


■C 



At P - 1.5 atm and t - -20 *C the substance exists as 

-i 

At P — 0.8 atm and t = £00 *C the substance exists as 


(b) Arrange OFa. Fa and HF in order of increasing boiling point: 


p-p + b 


lowest bp. 


! ■ ■■■■■ 


highest bp 


36, (6 Marks) 

Consider the following process which is initially at equilibrium: 


PCU£g) = PCUe) + cij(g) 


dH° = 92.5 kJ 


In which direction (left to right, right to left or no change) will this reaction proceed 
to reestablish equilibrium after each of the listed actions? _ 

j Action: j Response: 


a) Temperature is raised, 


b) Ch is added, 


c) FCh is removed, 

d) Unreaclive He is added without 
change in volume of the container. 


tti n ■ e b r 


-a a ■ ■ ifitJiJ i ■ e>■ i 


e) A catalyst is added* 


■ ■ ■ ■■■■■ ■ ■ ■*«.■■ ■ a--*., a a r P++#*a - - 
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36* (5 murks) 

Given the following t be rm ochem iea 1 equations. calculate the standard enthalpy ct 
formation for propane. GiiHofe’}, 


Cls) + Q*(g) CO^g) 

H^(e) + ^sO^{g) HsrO(l) 

C;tH H ly) ■+ 5 0*( E ) -*3 CQii(g) - 4 H >0(l) 


AH’ - ~3S3 kJmor 1 
AR* = -286 kJmor 1 
AH* = -22li) Id mol -1 


v 





■ ft. 


i 

k 



■ 

* 



37* f7 marks) 

(a) The pH of a D.06O mol Lr 1 aqueous solution of a monoprotic add is 3,44. 
Calculate K* of the add. 




l 

i 


(b) Calculate Kb of the conjugate base. 



> 




3S. (10 marks) 

In a st-udy of the reaction of pyridine (CiHnN) with methyl iodide (CHnl) in a 
benzene solution at £5 "C. the following initial rates were measured at different 
initial concentrations of CaHaN and CH.il: 


[CsHsN] finol L' ] ) 

[CH:il] (mo! L— ) 

Initial rate (mol L" 1 s—) 

i.oo - 10 - 

£.00 - 10— 

1.5 * I0 fi 

2.00 H10- 

2.00 “10- 

3.0 >1D‘ C 

£.00 ■ 10- 

3.00 * 10- 

4.5 “10 c 


(a) Give the rate law for this reaction. 


(b) Calculate the rate constant at this temperature. 


(c) Predict the initial reaction rate at 25 "C when the initial concentrations of 
CsHsN and CHoI are 5-00 *1Q" S mol L— and 2.00 ► ]Q' S mol L"respectively. 




















